The recent measurements of the B 0 s meson mixing amplitude by CDF and of the leptonic branching fraction BR(B → τ ν τ ) by Belle call for an upgraded analysis of the Unitarity Triangle in the Standard Model. Besides improving the previous constraints on the parameters of the CKM matrix, these new measurements, combined with the recent determinations of the angles α, β and γ from non-leptonic decays, allow, in the Standard Model, a quite accurate extraction of the values of the hadronic matrix elements relevant for K 0 -K 0 and B 0 s,d -B 0 s,d mixing and of the leptonic decay constant f B . These values, obtained "experimentally", can then be compared with the theoretical predictions, mainly from lattice QCD. In this paper we upgrade the UT fit, we determine from the data the kaon B-parameterB K , the B 0 mixing amplitude parameters f BsB
Introduction
Lattice QCD (LQCD) played a relevant role in the history the Unitarity Triangle (UT) fit since the very beginning [1] [2] [3] [4] , allowing predictions of the value of sin 2β before the advent of direct measurements by Babar and Belle [5, 6] . At the time when the B factories had not started yet and inclusive measurements of |V ub | and |V cb | were rather rough, the "classical" UT analysis for the determination ofρ andη relied on the results of quenched lattice QCD simulations to relate the measured B In spite of these caveat our prediction of sin 2β in the years was quite stable, going from sin 2β = 0.65 ± 0.12 in 1995 [1] to sin 2β = 0.698 ± 0.066 in 2000 [4] .
A similar situation is true for ∆m s , for which a first precise indirect determination from the other constraints of the UT fit was available since 1997 ( [6.5, 15 .0] ps −1 at 68% probability and ∆m s < 22 ps −1 at 95% probability) [3] . A compilation of the predictions for ∆m s by various collaborations as a function of time is shown in Fig. 1 . As can be seen from this figure, even in recent years, and despite the improved measurements, in some approaches [8, 10] the predicted range was very large (or corresponds only to a lower bound [8] ). An upgraded version of our Standard Model "prediction" for ∆m s , obtained from an overall UT fit which makes use of all the latest input values and constraints, is given in the fifth column of Tab. 2: ∆m s = (20.9 ± 2.6) ps −1 . This is the number and uncertainty to compare with the direct CDF measurement given in eq. (1) below. Besides, in Fig. 2 we also show the compatibility plot for ∆m s [9] .
More recently, we got much more information coming from the determination of the UT angles, obtained by studying non-leptonic decays: the angle α from B → ππ, B → πρ and B → ρρ decays [12] ; the angle γ from B → D ( * ) K ( * ) decays [13] ; 2β + γ from timedependent asymmetries in B → D ( * ) π(ρ) decays [14] ; cos 2β from B [17] . In the following we will call the ensemble of these measurements UTangles: they allow a determination ofρ andη independently of the hadronic parameters computed on the lattice. The precision in constrainingρ andη from the UTangles is by now comparable to that obtained from lattice-related constraints, denoted as UTlattice. The latter include, besides the information coming from semileptonic decays, namely |V ub |/|V cb |, the experimental quantities ǫ K , ∆m d and ∆m s .
The recent measurements of the neutral B s meson mixing amplitude by the CDF Collaboration [11] , and of the leptonic branching fraction BR(B → τ ν τ ) by the Belle Collaboration [18] ∆m s = (17.33
+0.42
−0.21 (stat.) ± 0.07 (syst.)) ps Belle ,
and the additional bounds given respectively by the D0 [19] and BaBar [20] We also discuss the different determinations of V ub and show that there is an indication that the value measured in inclusive decays is not favoured by the data.
Upgraded UTfit Analysis
In this section we give the results of the upgraded analysis which includes the new measurement of ∆m s by the CDF Collaboration. This result improves the determination by LEP, SLD and previous TeVatron analyses [19, 23] . Given the uncertainty on the theoretical value of f B and the still relatively large error in the experimental measurement, the effect of BR(B → τ ν τ ) on the analysis is negligible at this stage. Indeed by taking from the lattice f B = (189 ± 27) MeV [22] , one gets |V ub | = (41 ± 9) × 10 −4 with an error much larger than the uncertainty of determinations from exclusive or inclusive semileptonic decays.
In Tab. 1 we give the value of the upgraded input parameters. In some cases the same quantities, e.g. sin 2β, also appear, with a different central value and uncertainty, in Tab output values of Tab. 2 are obtained by combining all the available information on a given quantity [3, 4, 9] : in the case of sin 2β, for example, the information coming from the UTangles and UTlattice measurements.
In Fig. 3 we show the results of the new fit which includes all constraints. In addition in Tab. 2 we present for comparison the values and uncertainties of the relevant quantities for the two cases, UTangles and UTlattice, whereas in the column labelled as "All" we give the results of the analysis including all constraints.
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Several observations are important at this point:
• The recent measurement of ∆m s reduces the uncertainties, although not in a dramatic way.
• If we compare Tab. 1 and Tab. 2 with the corresponding ones of our previous published UT analysis [9] , we note that the directly measured value of sin 2β has decreased from sin 2β = 0.726(37) (old) to sin 2β = 0.687(32) (new). As a consequence, the overlap between the regions of theρ-η plane, selected by the UTangles with respect to the region selected by the UTlattice, is reduced. This is shown in Fig. 4 where we superimpose the region selected by the UTangles to the 68% and 95% probability contours coming from the UTlattice fit. A similar figure with 2004 data would have given a much better agreement. Besides the fact that the measurements
41.6 × 10 [26] , for the definition of sin 2β s see ref. [27] .
are now more precise, the worse agreement is due to i) the lower value of sin 2β and ii) an important reduction of the quoted uncertainty of the inclusive |V ub |.
• The difference between the results with UTangles and UTlattice is also demonstrated by a comparison of the experimental value, sin 2β = 0.687(32), with the value obtained by using only the UTlattice measurements, sin 2β UTlattice = 0.784(32).
•η is also an instructive quantity to visualize the important difference between the UTangles result,η UTangles = 0.317 ± 0.025 and the UTlattice case,η UTlattice = 0.389 ± 0.025.
• In order to understand where these differences come from, we have studied the correlation between the value of sin 2β UTlattice and |V ub | with the following results: if we use only the exclusive value of |V ub |, we get sin 2β UTlattice−excl. = 0.704(55), much closer to sin 2β UTangles = 0.687(32) whereas if we use only the inclusive value of |V ub | we obtain sin 2β UTlattice−incl. = 0.804(37). This implies that there is a strong correlation between |V ub | and sin 2β UTlattice . This is true also forη as shown by a comparison betweenη UTlattice−excl. = 0.349 ±0.032 andη UTlattice−incl. = 0.400 ±0.028.
To investigate further this point we performed the complete UT fit either using only the exclusive value of |V ub | ( 
and α. 68% and 95% total probability contours are shown, together with 95% probability regions from the individual constraints.
inclusive value of |V ub | is not in agreement with the determination of |V ub | from all other constraints, at the 2.5σ level.
• In order to investigate whether the problem originates from a tension between the experimental value of sin 2β and |V ub |, we also present the compatibility plot for sin 2β including all other measurements (left plot of Fig. 6 ) or all other measurements except |V ub | (right plot of Fig. 6 ). We conclude that rather than a problem between sin 2β and |V ub |, the tension arises between |V ub | and several quantities entering the UT fit. A larger value of sin 2β would only soften the problem.
• It is worth recalling that the value of |V ub | that is extracted from the experiments also relies on non perturbative hadronic quantities (the semileptonic form factors f + (q 2 ), V (q 2 ), A 1,2 (q 2 ) for exclusive B → π and B → ρ decays and the parametersΛ, λ 1 and λ 2 for inclusive semileptonic decays). The systematic difference between the exclusive and inclusive determination of |V ub | (the inclusive values are always larger than the exclusive ones) might be explained by the uncertainties of the theoretical approaches. Our analysis suggests that, although all the results are still compatible, there could be some problem with the theoretical calculations, and/or with the estimate of the uncertainties, of inclusive b → u semileptonic decays. On the other hand, an effort should be made to increase the precision on the form factor of B → π and B → ρ, providing all of them in the unquenched case, with low light quark masses and studying the continuum limit of the relevant form factors. Note that this tension among exclusive and inclusive calculations is a peculiarity of |V ub |, since the inclusive and exclusive determinations of |V cb | are in much better agreement.
• Not having used BR(B → τ ν τ ) as an input in the analysis, we can indirectly determine its value as an output of our fit. This is obtained starting from the UTangles determination ofρ andη, combined with the experimental determination of |V ub | and |V cb |, adding the experimental measurement of ∆m d and ∆m s to determine f B √ B Bd , and using the lattice value ofB Bd ,B Bd = 1.28 ± 0.05 ± 0.09 [22] to obtain f B from it. In this way, the prediction is obtained without using the value of f B taken from lattice calculations, which has a larger relative uncertainty thanB Bd . In this way, we obtain the following values:
Although all the predictions above are compatible within the errors, a comparison of the values given in eq. (2) gives the measure of the correlation of this prediction with |V ub | in the overall UT fit, since all other input quantities are the same.
For comparison, with f B = (189 ±27) MeV and |V ub | = (4.2 ±0.3) ×10 −3 , one would obtain BR(B → τ ν τ ) = (1.17 ± 0.50) × 10 −4 . Note that also in this case a better agreement between the prediction and the experimental world average (BR(B → τ ν τ ) = (1.08 ± 0.24) × 10 −4 , combining Belle [18] and BaBar [20] ) is found when the exclusive value of |V ub |, or the value from UTangles, is used. The p.d.f. for this quantity is given in Fig. 7 .
It is important to improve the predictive power on this quantity and to clarify the situation of the |V ub | input, since a possible future discrepancy between the value of the experimental measurement and the theoretical prediction could signal effects of new physics from extra Higgs particles [28] .
• Another possibility is to predict ∆m s without using the experimental value. In order to display also in this case the correlation with the value of |V ub |, we consider several possibilities for |V ub |: 
Constraints on Lattice Parameters
Assuming the validity of the Standard Model, the constraints in theρ-η plane from UTangles and semileptonic B decay measurements, combined with the experimental values of ∆m d , ∆m s and ǫ K , allow the "experimental" determination of several hadronic quantities which were previously taken from lattice QCD calculations. This approach has two important advantages. The first one is that we have the possibility of making a full UT analysis without relying at all on theoretical calculations of hadronic matrix elements, for which there was a long debate about the treatment of values and error distributions. The second advantage is that we can extract from the combined experimental measurements the value ofB K and of the B 0 mixing amplitudes f B s,dB
(or equivalently f BsB
1/2
Bs and ξ) and compare them to the theoretical predictions.
BesidesB K , f BsB
Bs and ξ, the measurement of BR(B → τ ν τ ) also allows a test of the theory for the leptonic decay constant f B , which is one of the ingredients used by lattice calculations to predict the mixing matrix element (proportional to f 2 BB B ). Finally by combining the measurement of BR(B → τ ν τ ) with ∆m d and the knowledge of the angles, we can extract the value ofB B d and compare with lattice predictions. In this case, because of the experimental error on BR(B → τ ν τ ), we obtain a p.d.f. forB B d with a long tail (see Fig. 8 ), corresponding toB B d = 2.1 ± 1.0, 2 which then is not yet competitive with the lattice prediction,B Bd = 1.28 ± 0.05 ± 0.09 [22] . Since the results depend on the input value for |V ub |, we consider two cases: all the information on the UT fit is used (All) or all the information except |V ub | measurements, neither inclusive nor exclusive (All[no semilep]) is taken. In Tab. 3 we give the results forB K , f BsB
Bs and ξ for these two cases. We also give the values of f B obtained from this fit, using in addition the lattice value of B B d . In the last column of the table we give the lattice values for an easier comparison with those extracted from the UT fit.
We observe a better agreement with lattice calculations when |V ub | measurements are not included. Since the constraint provided by |V ub | is mainly determined by its inclusive value, in Figs. 9 we prefer to give the probability distributions for all the hadronic quantities considered in this paper (B K , f BsB
Bs , ξ, and f B ) obtained without using the semileptonic decays, cfr. the case All[no semilep] in Tab. 3.
The value of f BsB
Bs from the UTfit is essentially independent of |V ub | and in good agreement with the lattice prediction (which has, at present, a large uncertainty). It is also interesting to extract the value of f Bs using the lattice value ofB Bs , which we take equal tô B B d . Using all the constraints we obtain f Bs = 227 ± 9 MeV. The central value is sensibly smaller than the result predicted by the HPQCD collaboration [29] , f Bs = 259 ± 32 MeV, although compatible within the uncertainties, and closer to other quenched or partially quenched results [22] . We believe that other unquenched calculations of the f Bs , with different lattice formulations, are necessary to pin down the lattice uncertainties and make a meaningful comparison with the "experimental" number. The same holds true for f B , for which ref. [29] quotes a value larger than many other lattice determinations.
In Figs. 10 we show the allowed probability regions in the f BsB
Bs vs. ξ plane, before and after the new measurement of ∆m s . Before having such input, we could not put an upper bound on ξ since only the lower limit on ∆m s was available. Now, thanks to the precision of the CDF determination, the value of ξ is strongly constrained. This proves that the CDF measurement of ∆m s represents a substantial progress, not only for the UT analysis, but also for our knowledge of the hadronic parameters.
The phenomenological extraction of the hadronic parameters and the comparison with lattice results assumes the validity of the SM and it is meaningful in this framework only. A similar strategy could be followed in any given extension of the SM when enough experimental information is available. In general, however, a model-independent UT analysis beyond the SM cannot be carried out without some "a priori" theoretical knowledge of the relevant hadronic parameters. For this reason the error in the calculation of the hadronic matrix elements affects the uncertainties in the determination of the NP parameters [30, 31] .
Conclusions
The recent precise determination of ∆m s by the CDF Collaboration allows a substantial improvement of the accuracy of the UT fit. Thanks to this new measurement, and to the determination of the leptonic branching fraction BR(B → τ ν τ ) by Belle, we have shown that it is possible to extract from experiments the value of the relevant hadronic parameters, within the Standard Model. It is remarkable that the measurement of ∆m s , combined with all the information coming from the UT fit, allows the determination of f BsB
1/2
Bs with an error of 6 MeV (f BsB
Bs = 257 ± 6 MeV) and of f Bs with an error of 9 MeV (f Bs = 227 ± 9 MeV). The accuracy in the determination of ξ suffers instead from the strong correlation that it has with the value and uncertainty on |V ub |.
The only exception to the general consistency of the fit is given by the inclusive semileptonic b → u decays the analysis of which relies on the parameters of the shape function. We observed that the present determination of |V ub |, using inclusive methods, is disfavoured by all other constraints at the 2.5σ level. This can come either from the fact that the central value of |V ub | from inclusive decays is too large, or from the smallness of the estimated error, or both. Moreover the problem has been recently worsened by the decrease of the value of sin(2β) determined by the direct measurements. We think that it is worth investigating whether the theoretical uncertainty of the inclusive analysis has been realistically estimated.
|V ub | from exclusive decays has still large uncertainties and the only conclusion that we may draw is that an effort must be done for a substantial improvement of the theoretical and experimental accuracy for this quantity. In the future, a confirmation of the results presented in this paper with smaller errors might reveal the presence of NP in the generalized UT analysis [28, 31] . Before claiming such results, a better accuracy on the determination of |V ub | is however needed.
